Preterm delivery (PTD; delivery before completing 37 weeks of gestation) affects 5--13 % of all pregnancies worldwide, though the incidence varies a lot even between high-income countries^([@ref1]--[@ref3])^. It is the leading cause of neonatal morbidity and mortality. There is no way of predicting or preventing spontaneous PTD, but it is urgent to identify modifiable factors influencing the prevalence of PTD and to understand the pathways that regulate the timing of birth.

Our research group recently performed a genome-wide association study regarding gestational length and PTD in a discovery cohort of 43 568 women of European ancestry^([@ref4])^. Four loci achieved genome-wide significance: the eukaryotic elongation factor, selenocysteine transfer RNA-specific (*EEFSEC*) gene was significant for both gestational length and risk of PTD. These associations were confirmed in three Nordic cohorts, among others the Norwegian Mother and Child Cohort Study (MoBa).

The *EEFSEC* gene codes for the protein EEFSEC, which is an elongation factor necessary for the co-translational incorporation of Se into the amino acid selenocysteine and thus selenoproteins. Se is an essential trace element. Its biological function is transferred via some twenty-five selenoproteins, and Se deprivation limits the syntheses of these proteins. Selenoproteins, such as the glutathione peroxidases and the thioredoxin reductases, have important cellular homeostatic functions in maintaining redox status and antioxidant defence as well as in modulating inflammatory responses^([@ref5])^. The Se-containing 5'deiodinases, which are required for thyroid hormone activity, are important in the regulation of growth and energy metabolism^([@ref6])^. Redox status, inflammation and regulation of energy metabolism have been linked to the parturition process and risk of PTD^([@ref7]--[@ref10])^. The identification of the selenocysteine pathway in PTD suggests that maternal Se status may be important. The fact that Se deficiency is prevalent in Malawi, the country with the highest frequency of PTD^([@ref11],[@ref12])^, further supports the hypothesis. The few existing studies on Se metabolism with regard to gestational length present contradicting results. Data from the National Birth Defects Prevention Study on 5738 deliveries (471 PTD cases) found no relationship between Se intake before pregnancy, measured in retrospect, and the risk of PTD ^([@ref13])^. Similarly, a small observational study (*n* 233) in the USA found no association between Se concentration in plasma and PTD^([@ref14])^. However, the study found that women delivering preterm (*n* 107) had higher estimated Se intake during early pregnancy compared with women delivering at term (*n* 126)^([@ref14])^. A third observational study found that women who delivered preterm (*n* 60) on the contrary had lower serum Se concentration at gestational week 12 compared with those who delivered at term (*n* 1069)^([@ref15])^.

The aim of the present study is to examine the association between self-reported maternal dietary intake of Se during the first half of pregnancy and maternal Se status as indicated by the whole-blood concentration of Se at week 17 and two outcomes, gestational length and spontaneous PTD, in the large, prospective population-based MoBa.

Subjects and methods {#s2}
====================

Study population {#s2-1}
----------------

The present study is based on MoBa, an ongoing prospective population-based pregnancy cohort administered by the Norwegian Institute of Public Health^([@ref16])^. Participants were recruited from all over Norway from 1999 to 2008, with a participation rate of 41 %. The cohort now includes 114 500 children, 95 200 mothers and 75 200 fathers^([@ref16])^.

Pregnant women were invited by postal invitation in connection with the routine ultrasound screening offered free of charge to all women in gestational weeks 17--19. They were asked to answer three questionnaires during their pregnancies and to donate blood and urine samples at the time of ultrasound screening. Participants were followed up regularly with questionnaires after delivery. The present study is based on information from the first questionnaire (Q1) about general health status and lifestyle, which was filled out around gestational weeks 15--17, and the semi-quantitative FFQ filled out around gestational week 22. Pregnancy and birth records from the Medical Birth Registry of Norway (MBRN) were linked to the MoBa database^([@ref16])^. MBRN is a national health registry containing information about all births in Norway. The present study is based on version 8 of the quality-assured data files released for research in 2014. Only women with singleton live births after gestational week 22^+0^ and women with valid estimates of total energy intake (between 4·5 and 20 MJ) were included. Women who participated in the cohort with more than one pregnancy were included only with their first enrolled pregnancy. [Fig. 1](#f1){ref-type="fig"} outlines the selection of the study population.

Fig. 1.Flow chart over the study population. ^\*^ The present FFQ was not used before 2002, explaining the drop of numbers from boxes 3 to 4. † Selenium was measured in *n* 2982 women. MoBa, Norwegian Mother, Father and Child Cohort Study.

Selenium intake {#s2-2}
---------------

Intake of Se (µg/d) from food and dietary supplements was estimated based on self-reported food and supplement intake in the MoBa (FFQ). The MoBa FFQ is a semi-quantitative instrument designed to record dietary habits and intakes of dietary supplements during the first 4--5 months of pregnancy, that is, from the start of pregnancy until around gestational week 22^([@ref17])^. The FFQ includes questions about the intake of 255 food items or dishes. The FFQ has been validated in an MoBa subpopulation (*n* 119) using a 4-d weighed food diary and biological markers in blood and urine as reference measures^([@ref18],[@ref19])^, showing that the MoBa FFQ is a valid tool for assessing dietary intake of energy, nutrients and food in the first 4--5 months of pregnancy.

The present version of the FFQ was used from March 2002 throughout the recruitment period. Completed questionnaires were optically read, and the consumption frequencies were converted into food amounts (g/d) using standard Norwegian portion sizes^([@ref17])^. Intake of Se and other nutrients from food was based on FoodCalc^([@ref20])^ and the Norwegian food composition table^([@ref21])^. Se occurring naturally in foods is thought to be mostly selenomethionine.

The participants were asked to report the use of dietary supplements by writing name and brand as well as the frequency and amount. To calculate nutrient intake from supplements, a database of more than 1000 dietary supplements was created based on the producers' declared nutrient content information^([@ref22],[@ref23])^. Available Se supplements contained one or more forms of Se, including inorganic selenite or selenate, selenomethionine, Se-methylselenocysteine or selenised yeast^([@ref24])^. These forms differ in their impact on tissue Se concentration^([@ref25])^. The supplementary Se intake was estimated and analysed separately for inorganic and organic supplements.

Selenium status {#s2-3}
---------------

A subgroup of the MoBa participants (*n* 2999) was also included in the Norwegian Environmental Biobank, a new project established by the Norwegian Institute of Public Health^([@ref26],[@ref27])^. Inclusion criteria for the Norwegian Environmental Biobank were available whole blood, urine and plasma samples, available genetic data and available data from MoBa questionnaires 1--6 and the father questionnaire^([@ref26],[@ref27])^. Whole blood was collected in heparin tubes in gestational weeks 17--18 and shipped by ordinary mail (unrefrigerated) in a Vacutainer for long-term freezing at a central bio-repository^([@ref28],[@ref29])^. Storage temperature for whole blood was --20°C^([@ref27])^. Se analyses were conducted at Lund University, Sweden, by inductive coupled plasma MS (iCAP Q; Thermo Fisher Scientific, Bremen, GmbH) equipped with a collision cell having kinetic energy discrimination and helium as collision gas. The detection limit was 3·2 µg/l, and the CV was 1·5 %. The analytical accuracy was verified using certified reference materials, Seronorm Trace elements whole blood L-1 and L-2 (SERO AS, Billingstad, Norway). The results obtained were represented as mean (standard deviation ([sd]{.smallcaps})) were for L-1 (Lot 1103128, *N* 205) 56·1 (5·7) μg/l *v*. recommended 59 (35--83) μg/l and for L-2 (Lot 1103129, *N* 205) 116 (1·5) μg/l *v*. recommended 112 (66--158) μg/l^([@ref27])^. Blood Se reflects both status and uptake while plasma/serum Se only reflects short-term status^([@ref30])^.

Se measurements were available for 2637 of the 72 025 women included in the present study.

Outcome variables {#s2-4}
-----------------

Gestational length in days was determined in second trimester using ultrasound in 98·2 % of the pregnancies and based on last menstrual period in the remaining pregnancies. PTD was defined as birth between week 22^+0^ and 36^+6^. Early PTD was defined as delivery between week 22^+0^ and 33^+6^, late PTD as week 34^+0^ and 36^+6^, early term as 37^+0^ and 38^+6^ and late term as deliveries after week 39^+0^. Spontaneous PTD was defined as birth after preterm labour or preterm pre-labour rupture of membranes.

Covariates {#s2-5}
----------

All multivariate models with Se intake (from food or from supplements) as exposure variable were adjusted for the following pre-defined covariates: maternal age, parity, maternal smoking habits during pregnancy, alcohol consumption, maternal education, pre-pregnancy BMI, iodine intake, protein intake, fibre intake, *n*-3 intake and total energy intake. Further, models were mutually adjusted for the different Se sources (dietary intake, organic supplements, inorganic supplements). Multivariate models with Se status as exposure variable were adjusted for maternal age, parity, maternal smoking habits during pregnancy, alcohol consumption, maternal education and pre-pregnancy BMI.

Information regarding maternal age at delivery was obtained from MBRN and used as a continuous variable in the regression models. Information on parity was based on the data from both MBRN and the first MoBa questionnaire (Q1) that were distributed in pregnancy week 15--17 and divided into categories based on the number of previous pregnancies of ≥22+0 weeks of gestation: 0, 1 or \>1 previous births. All other covariates were obtained from the MoBa questionnaire Q1. Maternal education was categorised as \<13, 13--16, \>16 years or missing. Smoking during pregnancy was categorised as non-smoker, occasional or daily smoker. Consumption of alcohol-containing beverages was self-reported in the FFQ (glasses per d, week or month) and dichotomised (yes or no) in the analyses. Pre-pregnancy BMI was based on the self-reported pre-pregnancy height and weight. BMI was grouped according to WHO classification as underweight (\<18·5 kg/m^2^), normal-weight (18·5--24·9 kg/m^2^), overweight (25·0--29·9 kg/m^2^) and obese (≥30·0 kg/m^2^). Dietary fibre was included as a proxy for a healthy diet. We have previously reported that the 'healthy/prudent dietary pattern' correlated with fibre intake (*r* 0·57)^([@ref31])^. The study population has been shown to be moderately iodine deficient^([@ref32],[@ref33])^, and iodine has also been found to be associated with PTD^([@ref34])^. As dietary iodine and Se intake correlated with *r* 0·57, and both are important for thyroid hormone production, iodine intake ranked into quintiles was included in the models. Models were also adjusted for dietary *n*-3 intake since Se and *n*-3 are both abundant in marine foods and *n*-3 intake also has been found to decrease the risk of PTD and increase pregnancy length^([@ref35],[@ref36])^. All models were adjusted for total energy intake in kilo Joules (kJ) as well as for total protein intake since many Se sources are protein rich such as meat, poultry and fish. All variables extracted from the MoBa questionnaires were used as categorical variables in the regression models, with missing data as a category of its own.

Statistical methods {#s2-6}
-------------------

All statistical analyses were performed using SPSS Statistics version 25.0 (International Business Machines Corp., IBM). All *P* values were two sided and values \<0·05 were considered significant. Spearman's correlation test was used to evaluate the correlation between Se intake and blood Se concentration ([Table 1](#tbl1){ref-type="table"}). Differences in Se intake and Se status according to maternal characteristics were studied with the Kruskal--Wallis test ([Table 2](#tbl2){ref-type="table"}). Multiple linear regression analysis (using the UNIANOVA command in SPSS) was used to analyse the association between Se intake or Se status and gestational length as a continuous variable ([Tables 3](#tbl3){ref-type="table"} and [5](#tbl5){ref-type="table"}). The association between Se intake/status and PTD was estimated as a hazard ratio (HR) with a 95 % CI using multivariable Cox regression ([Tables 4](#tbl4){ref-type="table"} and [6](#tbl6){ref-type="table"}). All analyses were performed with and without adjustment for the confounders listed previously. A sub-analysis was performed in order to study the association between Se intake and different categories of PTD (early preterm, late preterm and early term) (online Supplementary Table [S1](S1)). In order to study the possible threshold effects between Se intake and PTD, Se intake from diet was analysed in deciles (online Supplementary Table [S2](S2)). The category closest to the recommended daily intake (RDI; 60 µg/d) was used as the reference. Regarding power, in the analysis based on dietary Se intake, the group sizes are very large (3618 PTD *v*. 68 407 term deliveries) and hence even small differences can be detected. For Se status based on the subgroup with blood samples, the groups sizes are smaller (80 *v*. 2558). Here, a difference between PTD and term deliveries of 0·32 Cohen's *d* can be detected with 80 % power at a significant level of 0·05.

Table 1.Correlation between selenium intake and whole-blood concentration of selenium(Numbers of subjects; medians and interquartile ranges (IQR); correlations and 95 % confidence intervals)Se intake (µg/d)Correlations between intake and whole-blood concentrationsAll subjectsSupplement users onlyAll subjectsSupplement users only*n*MedianIQR*n*MedianIQR*n*Rho[\*](#t1fn1){ref-type="table-fn"}95 % CI*n*Rho95 % CIDiet72 0255344--6223 4095344--6326380·1350·10, 0·179140·1150·05, 0·18All supplements (organic + inorganic)72 02500--3023 4095030--7526380·1440·11, 0·18914−0·016−0·05, 0·05Organic Se supplement72 02500--032833021--4323570·0800·04, 0·121120·148−0·04, 0·32Inorganic Se supplement72 02500--2120 8125035--7523570·1060·07, 0·15828−0·014−0·08, 0·05[^1]

Table 2.Maternal dietary selenium intake and maternal blood selenium concentration according to maternal characteristics[†](#t2fn2){ref-type="table-fn"}(Numbers of subjects and percentages; medians and interquartile ranges (IQR))Se intake from food (µg/d)Blood Se concentration (µg/l)*n*%MedianIQR*P* [\*](#t2fn1){ref-type="table-fn"}*n*%MedianIQR*P* [\*](#t2fn1){ref-type="table-fn"}Total72 0251005344--622638Maternal age (years)\<258284125041--62\<0·000122089886--112\<0·000125--2924 411345243--629473610288--11630--3430 524425345--6311804510290--118\>348806125446--642911110591--122Pre-pregnancy BMI (kg/m^2^)\<18·521435344--64\<0·000181310491--1160·02418·5--24·946 163645345--6317036510290--11925--3015 189215243--626112310188--116\>30665795142--61194710086--114Missing187335344--6249210193--113Parity038 310535243--62\<0·000115155710491--119\<0·0001121 650305344--627552910188--11529700135445--633171210087--1153+230635445--645029181--103Missing5905645--6410112112--112Preterm birthYes361855244--620·02280310390--1140·769No68 407955344--6225589710289--117Gestational age groupsEarly preterm (GW 22--33)95215143--610·026809281--1020·434Late preterm (GW 34--36)266645344--6272310493--115Early term (GW 37--38)11 660165344--634101610289--117Late term (GW 39--42)56 747795344--6221488110289--117Maternal education (years)\<1322 424315142--62\<0·00016772610086--114\<0·000113--1629 854415344--6212484710188--116\>1618 202255446--646552910794--122Missing154525142--625829887--115Smoking habitsNever65 765915344--62\<0·000124629310290--1180·001Occasionally195335243--636329990--113Daily390055242--6210349585--110Missing40715243--621009790--114Alcohol consumptionNo64 079895344--62\<0·000123298810289--1170·02Yes7946115446--633091210492--120Iodine intake (µg/d)\<8214 389204235--49\<0·00015101910188--1180·5082--10814 389204942--565542110390--118108--13514 389205245--605232010289--117135--17414 389205750--655542110391--117\>17414 389206556--754971910188--116*n*-3 intake (g/d)\<0·2526 547374638--54\<0·0001986379887--113\<0·00010·25--0·4724 548345346--619773710591--118\>0·4720 851296253--726752610692--120Protein intake (g/d)\<7624 008334236--48\<0·00018683310288--1180·7976--9324 009335347--599073410289--117\>9324 008336558--748633210290--117Fibre intake (g/d)\<2624 008334337--51\<0·00018703310188--1160·0426--3524 009335346--609333510289--117\>3524 008336355--728353210490--118Energy intake (MJ/d)\<839024 008334437--50\<0·00019133510390--1180·218390--10 46024 009335346--608933410289--117\>10 46024 008336355--738323210189--117GW, gestational week.[^2][^3]

Table 3.Association between maternal dietary selenium intake and selenium intake from supplements and gestational length[\*](#t3fn1){ref-type="table-fn"}(*β*-Coefficients and 95 % confidence intervals)UnadjustedAdjusted[†](#t3fn2){ref-type="table-fn"}*β* [‡](#t3fn3){ref-type="table-fn"}95 % CI*Pβ* [‡](#t3fn3){ref-type="table-fn"}95 % CI*P*All subjects (*n* 72 025)  Se intake from food[§](#t3fn4){ref-type="table-fn"}0·07−0·02, 0·170·130·250·07, 0·430·006  Se intake from inorganic supplements[§](#t3fn4){ref-type="table-fn"}−0·04−0·14, 0·050·35−0·08−0·17, 0·020·10  Se intake from organic supplements[§](#t3fn4){ref-type="table-fn"}0·07−0·03, 0·160·170·07−0·03, 0·170·19Spontaneous deliveries (*n* 57 098)  Se intake from food[§](#t3fn3){ref-type="table-fn"}0·130·03, 0·220·0070·340·16, 0·521·7 × 10^−4^  Se intake from inorganic supplements[§](#t3fn4){ref-type="table-fn"}−0·08−0·17, 0·010·09−0·09−0·18, 0·010·07  Se intake from organic supplements[§](#t3fn4){ref-type="table-fn"}0·07−0·03, 0·160·170·07−0·02, 0·170·14Subjects with intake levels below RDI (*n* 41 581)[‖](#t3fn5){ref-type="table-fn"}  Se intake from inorganic supplements[§](#t3fn4){ref-type="table-fn"}−0·12−0·24, 0·000·06−0·12−0·23, 0·020·05  Se intake from organic supplements[§](#t3fn4){ref-type="table-fn"}0·08−0·04, 0·210·190·10−0·02, 0·210·10Subjects with intake levels below 30 µg/d (*n* 1308)  Se intake from inorganic supplements[§](#t3fn4){ref-type="table-fn"}0·32−0·35, 0·980·350·41−0·25, 1·10·22  Se intake from organic supplements[§](#t3fn4){ref-type="table-fn"}−0·42−1·19, 0·350·28−0·53−1·3, 0·230·17RDI, recommended daily intake.[^4][^5][^6][^7][^8]

Table 4.Association between maternal dietary selenium intake and selenium intake from supplements and risk of preterm delivery[\*](#t4fn1){ref-type="table-fn"}(Hazard ratios (HR) and 95 % confidence intervals)UnadjustedAdjusted[†](#t4fn2){ref-type="table-fn"}HR[‡](#t4fn3){ref-type="table-fn"}95 % CI*P*HR[‡](#t4fn3){ref-type="table-fn"}95 % CI*P*All subjects (*n* 72 025)  Se intake from food[§](#t4fn4){ref-type="table-fn"}0·970·94, 1·000·060·920·87, 0·980·012  Se intake from inorganic supplements[§](#t4fn4){ref-type="table-fn"}1·020·99, 1·050·211·010·98, 1·050·41  Se intake from organic supplements[§](#t4fn4){ref-type="table-fn"}0·990·95, 1·020·440·980·95, 1·020·32Spontaneous deliveries (*n* 57 098)[‖](#t4fn5){ref-type="table-fn"}  Se intake from food[§](#t4fn4){ref-type="table-fn"}0·950·91, 0·990·020·880·81, 0·960·003  Se intake from inorganic supplements[§](#t4fn4){ref-type="table-fn"}1·051·01, 1·090·021·041·01, 1·030·08  Se intake from organic supplements[§](#t4fn4){ref-type="table-fn"}0·990·94, 1·040·640·980·93, 1·030·37[^9][^10][^11][^12][^13]

Table 5.Association between maternal selenium blood concentration in mid-pregnancy and gestational length[\*](#t5fn1){ref-type="table-fn"}(*β*-Coefficients and 95 % confidence intervals)UnadjustedAdjusted[†](#t5fn2){ref-type="table-fn"}*β* [‡](#t5fn3){ref-type="table-fn"}95 % CI*Pβ* [‡](#t5fn3){ref-type="table-fn"}95 % CI*P*All subjects (*n* 2638)  Blood Se concentration[§](#t5fn4){ref-type="table-fn"}0·12−0·27, 0·500·55−0·02−0·41, 0·380·94Spontaneous deliveries (*n* 2177)  Blood Se concentration[§](#t5fn4){ref-type="table-fn"}0·10−0·28, 0·490·600·03−0·36, 0·420·89[^14][^15][^16][^17]

Table 6.Association between maternal selenium blood concentration in mid-pregnancy and risk of preterm delivery[\*](#t6fn1){ref-type="table-fn"}(Hazard ratios (HR) and 95 % confidence intervals)UnadjustedAdjusted[†](#t6fn2){ref-type="table-fn"}HR[‡](#t6fn3){ref-type="table-fn"}95 % CI*P*HR[‡](#t6fn3){ref-type="table-fn"}95 % CI*P*All subjects (*n* 2638)  Blood Se concentration[§](#t6fn4){ref-type="table-fn"}0·910·72, 1·150·420·930·74, 1·180·93Spontaneous deliveries (*n* 2177)[‖](#t6fn5){ref-type="table-fn"}  Blood Se concentration[§](#t6fn4){ref-type="table-fn"}0·910·69, 1·210·520·920·69, 1·220·56[^18][^19][^20][^21][^22]

Ethical approvals {#s2-7}
-----------------

The establishment of MoBa and initial data collection was based on a license from the Norwegian Data protection agency and approval from The Regional Committee for Medical Research Ethics. The MoBa cohort is currently regulated by the Norwegian Health Registry Act. The present study was approved by The Regional Committee for Medical Research Ethics (2015/2425/Rek sør-øst A).

Results {#s3}
=======

Selenium intake and selenium status in the study population {#s3-1}
-----------------------------------------------------------

The median intake of Se from the diet was 53 (interquartile range (IQR) 44--62) µg/d for all women (*n* 72 025, [Table 1](#tbl1){ref-type="table"}). [Fig. 2](#f2){ref-type="fig"} shows how much the different food groups contributed to dietary Se intake. Seafood, bread, meat and pasta accounted for 24, 19, 19 and 10 % of the Se in the diet, respectively. Other important sources included dairy products, fruits and vegetables, eggs and cheese ([Fig. 2](#f2){ref-type="fig"}). In Norway, no food items are fortified with Se.

Fig. 2.Contribution (%) to dietary selenium intake by different food sources. ![](S0007114519002113_inline1.jpg), Seafood; ![](S0007114519002113_inline2.jpg), bread; ![](S0007114519002113_inline3.jpg), meat, all types; ![](S0007114519002113_inline4.jpg), pasta; ![](S0007114519002113_inline5.jpg), dairy products; ![](S0007114519002113_inline6.jpg), fruit and vegetables; ![](S0007114519002113_inline7.jpg), eggs; ![](S0007114519002113_inline8.jpg), cheese; ![](S0007114519002113_inline9.jpg), rice, millet, couscous; ![](S0007114519002113_inline10.jpg), waffles, pancakes; ![](S0007114519002113_inline11.jpg), pizza, tacos; ![](S0007114519002113_inline12.jpg), cereals; ![](S0007114519002113_inline13.jpg), snacks and candy; ![](S0007114519002113_inline14.jpg), biscuits and cookies; ![](S0007114519002113_inline15.jpg), nuts; ![](S0007114519002113_inline16.jpg), rice porridge.

Median Se intake from supplements was 50 (IQR 30--75) µg/d for the 23 409 (33 %) Se supplement users ([Table 1](#tbl1){ref-type="table"}). Most of these women (*n* 20 812) consumed Se supplements containing only inorganic selenate or selenite, which provided a median supplemental intake of 50 (IQR 35--75) µg/d ([Table 1](#tbl1){ref-type="table"}). A smaller number (*n* 3283) took supplements containing organic selenomethionine or selenised yeast, which provided a median supplemental intake of 30 (IQR 21--43) µg/d ([Table 1](#tbl1){ref-type="table"}). The RDI of Se for pregnant women is 60 µg/d. About a third of the cohort (*n* 21 073) met the recommended dietary intake from their diet alone, while half (*n* 36 135) did so through the use of Se-containing supplements. The women with a dietary Se intake above RDI were those more likely to consume Se supplements compared with women whose Se intake is below RDI (33 *v*. 32 %, *P* = 0·005).

Median whole-blood Se concentration (Se status) was 102 (IQR 89--117) µg/l. This parameter correlated weakly with the estimated dietary Se intake (Spearman's *ρ* = 0·135, *P* \< 0·001); while it was not correlated with estimated Se intake from supplements ([Table 1](#tbl1){ref-type="table"}). The distribution of Se intake and whole-blood Se concentration is shown in [Fig. 3](#f3){ref-type="fig"}.

Fig. 3.Distribution of dietary selenium intake and selenium intake from supplements (organic and inorganic forms combined). Histograms showing the intake of selenium from food (a) and from supplements (b). Only supplement users (*n* 23 409) are included in (b). RDI, recommended daily intake. For pregnant women, the RDI for selenium is 60 µg/d.

Maternal characteristics in relation to selenium intake and selenium status {#s3-2}
---------------------------------------------------------------------------

Dietary Se intake differed by most of the maternal characteristics studied ([Table 2](#tbl2){ref-type="table"}). Dietary Se intake was positively associated with age, education, household income, parity, gestational length, alcohol consumption during pregnancy, iodine intake, protein intake, *n*-3 intake, fibre intake and total energy intake, while it was negatively associated with smoking and BMI ([Table 2](#tbl2){ref-type="table"}).

Se status was positively associated with age, education, alcohol consumption, *n*-3 intake and fibre intake and negatively associated with maternal BMI, parity and smoking ([Table 2](#tbl2){ref-type="table"}).

Maternal selenium intake and gestational length {#s3-3}
-----------------------------------------------

Dietary Se intake was positively associated with the length of gestation; *β* per [sd]{.smallcaps} = 0·25, adjusted model, that is, an increase in intake of Se by 1 [sd]{.smallcaps}, 14·6 μg/d, increased gestation by 6 h ([Table 3](#tbl3){ref-type="table"}). Regression analysis for spontaneous deliveries (*n* 57 098) only showed a positive association between maternal dietary Se intake and length of gestation ([Table 3](#tbl3){ref-type="table"}).

Among all 72 025 deliveries, 3618 (5 %) women delivered preterm, 952 (1 %) women delivered early preterm, 2666 (4 %) late preterm, 11 660 (16 %) early term and 56 747 (79 %) delivered late term. Among the 57 098 spontaneous deliveries, 2100 (4 %) were preterm, 482 (1 %) early preterm, 1618 (3 %) late preterm, 7873 (14 %) early term and 47 125 (82 %) late term.

Higher maternal dietary Se intake was associated with decreased risk of PTD in all subjects (HR per SD: 0·92, 95 % CI, 0·87, 0·98) as well as cases of spontaneous deliveries only (HR per [sd]{.smallcaps}: 0·88, 95 % CI, 0·81, 0·96) ([Table 4](#tbl4){ref-type="table"}).

No associations were found between intake of inorganic (selenite/selenate) or organic Se supplements (selenomethionine/selenised yeast) and gestational length or PTD ([Tables 3](#tbl3){ref-type="table"} and [4](#tbl4){ref-type="table"}).

Analyses of intake of dietary Se and Se-containing supplements in relation to the risk of early preterm, late preterm and early term deliveries showed one significant association, that is, Se intake from food was associated with a decreased risk of late PTD (adjusted HR per [sd]{.smallcaps}: 0·90, 95 % CI, 0·84, 0·97) (online Supplementary Table [S1](S1)).

Threshold analysis {#s3-4}
------------------

Possible threshold effects of dietary Se intake were studied by entering Se categorised into deciles into the Cox regression models (online Supplementary Table [S2](S2)). Women in four of the seven lowest intake categories had an increased risk of PTD compared with the reference category. No significant association was found for higher intake categories compared with the reference category (online Supplementary Table [S2](S2)).

Maternal selenium status, gestational length and preterm delivery {#s3-5}
-----------------------------------------------------------------

Maternal Se status at gestational week 17 was associated neither with gestational length nor with PTD ([Tables 5](#tbl5){ref-type="table"} and [6](#tbl6){ref-type="table"}). The subgroup with available whole-blood Se measurements was relatively small (*n* 2638) and included only eighty women who delivered preterm, fifty-five of these with spontaneous deliveries, limiting the statistical power.

Discussion {#s4}
==========

Higher maternal dietary Se intake in the first half of pregnancy was associated with increased gestational length and reduced risk of PTD. The results were more pronounced when the analyses were confined to women with spontaneous deliveries only. Threshold analyses suggest that the association is driven by Se intake below the RDI and that Se intake above the RDI does not affect PTD risk. While a 6-h increase in gestational length might not seem clinically relevant, this can be expected due to the intake of a single nutrient at the population level. The corresponding findings for a decreased PTD risk underline the clinical relevance of the results. No associations were found between the intake of Se-containing supplements or Se status and gestational length or risk of PTD.

Most of the dietary Se are in proteins. The bioavailability of dietary Se depends on the digestibility of the proteins. The protein-bound forms (selenocysteine and selenomethionine) need to be converted to single amino acids and short polypeptides that can be absorbed^(^ ^[@ref37]^ ^)^. Se in animal products tends to be better utilised compared with Se from plant tissues^(^ ^[@ref37]^ ^,^ ^[@ref38]^ ^)^ due to the better digestibility. Fish can be an exception^(^ ^[@ref39]^ ^)^ if it is high in heavy metals that bind Se in poorly digestible adducts^(^ ^[@ref40]^ ^)^. Dietary supplements typically contain Se in the form of Se -enriched brewers' yeast or sodium selenite or selenate. Se in yeast needs to be digested to free Se from the yeast proteins; while the inorganic forms (sodium selenite or selenate) can be absorbed directly. Hence, bioavailability probably does not explain the different results for dietary Se being associated with gestational length, while there was no association with Se intake from supplements. Rather, the results suggest that most of the women in the cohort have dietary Se intake near or above the level associated with optimal selenoprotein expression, especially the third of women who also consumed Se-containing supplements who are more likely to have Se intake from food more than the RDI. Thus, intake of Se-containing supplements would not further improve selenoprotein expression affecting metabolic pathways related to birth outcome, for example, inflammation or redox status.

Se in whole blood circulates either bound to plasma-selenoproteins glutathione peroxidase 3 and selenprotein 1 or in the form of glutathione peroxidase 1 in the erythrocytes and lymphocytes. Also other proteins that contain Se non-specifically incorporated in lieu of methionine are found in both compartments. The relative expression level of these three selenoproteins is thought to reflect the expression of other selenoproteins in the body. The expression of selenoproteins is dependent not only on dietary Se intake but also on genetic variation in genes involved in the Se metabolism such as dimethylglycine dehydrogenase^(^ ^[@ref41]^ ^)^, selenoprotein P^(^ ^[@ref42]^ ^)^, the glutathione peroxidases, cytosolic glutathione peroxidase and phospholipid glutathione peroxidase^(^ ^[@ref43]^ ^)^. Based on the findings from our recent genome-wide association study, where we reported genome-wide significance for one of the genes involved in the Se metabolism, the *EEFSEC* gene, we hypothesised that Se intake and/or Se status during pregnancy would be correlated with gestational length and PTD. The epidemiological findings in the present study, that dietary Se intake in the first half of pregnancy was associated with increased gestational length and reduced risk of PTD, further support this hypothesis. As a next step, we plan to perform gene--environment interaction analyses to gain further knowledge in how Se influences the length of gestation and the risk of PTD and to examine whether *EEFSEC* polymorphisms interfere with the association between dietary Se intake and whole blood Se concentrations.

Only a few other studies evaluated Se intake in relation to gestational length and/or PTD. One small nested case--control study in New Jersey, USA, including 107 women who delivered preterm and 126 control women, used a 24-h recall dietary assessment to estimate Se intake at entry to prenatal care. The results showed that women who delivered preterm had a higher Se intake in the first trimester compared with controls (115 (9) *v*. 93 (5) µg/d, *P* \< 0·03)^(^ ^[@ref14]^ ^)^, hence opposite results to what was found in the present study. However, the New Jersey study compared only 107 cases with 126 controls, while the present study compared 3618 cases with 68 407 controls. Further, the FFQ used in the MoBa cohort has been extensively validated^(^ ^[@ref18]^ ^,^ ^[@ref19]^ ^)^. A larger multicentre study in the USA, including 5738 deliveries (471 PTD cases) from the National Birth Defects Prevention Study found no association between Se intake and PTD. Se intake during the year before pregnancy was estimated retrospectively by telephone interview 6--24 months after delivery using a short FFQ of 58 food items, impairing the validity of the results^(^ ^[@ref13]^ ^)^. For the MoBa cohort, dietary data were collected prospectively with an extensively validated instrument in a more than 10 times as large study population. The USA study reported a higher intake compared with that reported in Norway in the MoBa cohort^(^ ^[@ref13]^ ^)^.

For 2638 of the 75 025 women included in the present study, Se status measured in gestational weeks 17--18 was available. No associations were found between Se status and either of the outcomes, gestational length and PTD. We are not aware of other studies that evaluated Se in whole blood in the first half of pregnancy in relation to gestational length and PTD. However, in accordance with the present findings, Bogden *et al*.^(^ ^[@ref14]^ ^)^ observed no differences in plasma Se concentration at gestational week 15 for women who delivered preterm (*n* 107) compared with those who delivered at term (*n* 126) (1·37 (0·02) *v*. 1·34 (0·02) µmol/l). On the other hand, Rayman *et al*.^(^ ^[@ref15]^ ^)^ found that women in the Netherlands who delivered preterm (*n* 60) had lower serum Se concentration at gestational week 12 than those who delivered at term (0·96 (0·14) *v*. 1·02 (0·13) μmol/l, *P* = 0·001). We have reported Se concentration in whole blood in µg while Rayman *et al*. and Bogden *et al*. reported the Se concentrations in serum in µmol. The median Se of 102 µg/l in whole blood found in our study population corresponds to 1·3 µmolar/l, which is comparable with the concentration measured in serum and plasma in the other studies.

Se from diet and supplements containing organic Se (selenomethionine or selenised yeast) was weakly correlated with Se concentration in blood, while no association was found for inorganic Se. Selenomethionine, the dominant form in foods, is incorporated specifically into selenoproteins as well as non-specifically into other proteins, for example, albumin. It is likely that women consuming less than 60 µg of the RDI had suboptimal expression of selenoenzymes, and they would be expected to show increased selenoprotein expression in response to all absorbable forms of Se.

An interesting aspect of our findings is that blood Se concentrations in Norwegians have dropped quite dramatically in the last 30 years, from being among the highest in Europe, on average approximately 150 µg/l^(^ ^[@ref44]^ ^)^ whole blood (corresponding to 120 µg/l serum/plasma) to approximately 100 µg/l in the present study. This has brought Norwegians down to similar blood Se concentration as found among Swedes and Danes. This change may relate to decreasing consumption of *trans*-Atlantic flour from Se-rich areas in Canada and the USA, in favour of increased use of North-European grains, which are typically of lower Se content. The finding in the present study that supplementary Se had little influence on the blood concentration might be due to the fact that the third of women who chose to consume Se-containing supplements were those who were more likely to meet the RDI by their dietary Se intake.

Strengths and limitations {#s4-1}
-------------------------

This is by far the largest study investigating the association between Se intake and gestational length and PTD. The prospective design and the detailed information about maternal diet, demography, socioeconomic factors and pregnancy outcomes are further strengths. The study is population based, including women from all over Norway, representing women living in urban and rural areas, coastland and inland regions, different socioeconomic groups and women with diverse dietary habits. Due to the large sample size, even subgroups of PTD could be studied.

Observational studies cannot establish causality as there is always a risk of residual confounding. However, the comprehensive data set allowed us to account for a large number of possible confounders, including maternal age and education, parity, smoking and energy intake.

The dietary intake was estimated before delivery using an FFQ specifically developed and validated for use in this cohort^(^ ^[@ref17]^ ^,^ ^[@ref19]^ ^)^. Se intake estimated using this instrument was significantly correlated with Se intake estimated using a 4-d food diary in the validation study (*r* 0·28 for Se in food)^(^ ^[@ref19]^ ^)^. However, the use of an FFQ has limitations and is more suitable for ranking participants according to high and low intake than for precise intake calculations. Since the Se content varies according to the Se concentration of the soil where crops are grown or the animals graze, some uncertainty is associated with estimating Se intake from food composition databases. When testing whether the Se content in blood varied depending on the year of inclusion into MoBa, significant differences were found, with concentrations ranging from a median of 87 to 114 µg/l between years 2003 and 2009 (results not shown). Women in the present study reported the intake of food and dietary supplements. Food habits are often stable over time, while intake of supplements fluctuate, especially during such a sensitive period as pregnancy, suggesting that the long-term intake of Se, and hence storage of Se in the body, is better captured in the questions about food than about supplement use.

Participants in MoBa were recruited between 10 and 20 years ago and dietary trends change over time. This may limit the translation of the findings. However, Se is found in many different food items and most of them are staple foods such as wheat, meat and fish. We have little reason to believe that major changes were observed in the intake pattern of Se-rich food items during the past decade, though the dishes they are part of may have changed.

The generalisability of the results from the Se measurements in whole blood may be limited due to selection bias. Since one inclusion criterion for participation in the Norwegian Environmental Biobank Study was to have answered all of the first six MoBa questionnaires, the subgroup of women who have Se measurements do not represent the whole MoBa population^(^ ^[@ref27]^ ^)^. Women in the subsample included a lower proportion with missing information on baseline characteristics and a higher proportion of non-smokers and highly educated compared with those in the whole MoBa^(^ ^[@ref27]^ ^)^.

Conclusions {#s4-2}
-----------

Higher Se intake from food but not from supplements was associated with a small increase in gestational length and decreased risk of PTD in 72 075 women participating in MoBa, strengthening the results from the first genome-wide association study on gestational length and PTD^(^ ^[@ref4]^ ^)^. The reason for the different findings for Se in different sources, that is, from supplements and from food, may be due to the fact that about half of the women had a dietary Se intake more than the RDI, which is thought to guarantee an optimal selenoenzyme expression. Further studies, preferably in the form of randomised controlled trials and gene--environment interaction analyses, are needed before considering to change the present dietary guidelines regarding Se intake by pregnant women.
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[^1]: Spearman correlation.

[^2]: *P* value obtained with the Mann--Whitney *U* test for two groups and the Kruskal--Wallis test for more than two groups.

[^3]: Amount of daily Se intake from food (FFQ data) and concentration of Se in blood in mid-pregnancy, according to maternal characteristics, from 72 025 participants in the Norwegian Mother and Child Cohort Study. Se intake from food was assessed with an FFQ in gestational week 22. Blood Se concentration was measured in whole blood collected in GW 17--18 in a subsample of 2638 of the 72 025 participating mothers.

[^4]: Multiple linear regression analysis of Se intake from food and from supplements in relation to gestational length in days for 72 025 participants in the Norwegian Mother and Child Cohort Study. Se intake from food and supplements was assessed with an FFQ in gestational week 22.

[^5]: Adjusted for maternal age, parity, smoking habits, alcohol consumption during pregnancy, maternal education, BMI, iodine intake in five categories, fibre intake, protein intake, *n*-3 intake and total energy intake. Analyses for the different Se sources are also mutually adjusted in the adjusted model.

[^6]: *β* per standard deviation of Se intake. Standard deviation for Se intake from food is 14·6 μg/d, from inorganic supplements 32·6 μg/d and from organic supplements 10·0 μg/d.

[^7]: Measured in μg/d.

[^8]: RDI of Se for pregnant women is 60 μg/d.

[^9]: Daily intake of Se from food and from supplements and HR for preterm delivery (22^+0^--36^+6^ weeks) in all subjects and in spontaneous deliveries only analysed with Cox regression. Number of preterm deliveries: 3618 of all 72 025 subjects and 2100 of the 57 098 spontaneous deliveries. Se intake from food and supplements was assessed with an FFQ in gestational week 22.

[^10]: Adjusted for: maternal age, parity, smoking habits, alcohol consumption during pregnancy, maternal education, BMI, iodine intake in five categories, fibre intake, *n*-3 intake and total energy intake. Analyses for the different Se sources are also mutually adjusted in the adjusted model.

[^11]: HR per standard deviation of Se intake. Standard deviation for Se intake from food is 14·6 μg/d, from inorganic supplements 32·6 μg/d and from organic supplements 10·0 μg/d.

[^12]: Measured in μg/d.

[^13]: Iatrogenic deliveries have been censored in the regression model.

[^14]: Multiple linear regression analysis of blood Se concentrations in relation to gestational length in days for 2638 participants in the Norwegian Mother and Child Cohort Study. Blood Se concentration was measured in whole blood collected in gestational week 17−18 in a subsample of 2638 of the 72 025 participating mothers.

[^15]: Adjusted for: maternal age, parity, smoking habits, alcohol consumption during pregnancy, maternal education and BMI.

[^16]: *β* per standard deviation (23·4 μg/l) of blood Se concentration.

[^17]: Measured in μg/l.

[^18]: Maternal blood Se concentrations (μg/l) and HR for preterm delivery (22^+0^--36^+6^ weeks) in all subjects with Se blood measurements (*n* 2638) and in spontaneous deliveries only (*n* 2177) analysed with Cox regression. Number of preterm cases: 80 of all 2638 subjects and 55 of the 2177 spontaneous deliveries. Blood Se concentrations were measured in whole blood collected in gestational week 17--18.

[^19]: Adjusted for maternal age, parity, smoking habits, alcohol consumption during pregnancy, maternal education and BMI.

[^20]: HR per standard deviation (23·4 μg/l) of blood Se concentrations.

[^21]: Measured in μg/l.

[^22]: Iatrogenic deliveries have been censored in the regression model.
